I N T R O D U C T I O N
A study of the benthic fauna of a rocky bottom at 15 m depth in the Ltibeck Bay, Baltic Sea (Fig. 1) , was carried out from 5 October to 19 October 1974 during a study visit at the Underwater Laboratory (UWL) "Helgoland". The study was concentrated on the composition and density of the fauna in relation to the angle of inclination of the substrate, but a few other observations on the biology of organisms occurring on rocky bottom substrates in the vicinity of the UWL were also made.
UWL "Helgoland" is a German underwater habitat constructed for saturation diving. It has been in operation since 1969. Information on the technical construction of the habitat and of biological investigations which have been made can be found in papers by FUST & OSER (1970) , HAUX (1970) , KINNE (1970) , JATZKE (1970) , KRUM-~EIN (1971), and LUTHER (1973) . STUDY AREA From July to October 1974 the UWL "Helgoland" was situated in Lfibeck Bay, NW of Travemtinde, in the Baltic Sea (54°01'04" N, 10°50'04" E). The available sampling area formed a circle of ca. 100 m radius around the UWL. Over most of this circumscribed area the water depth was about 15 m. Most of the samples described in this report were derived from a locality covered with rocks and boulders, situated NE of the UWL.
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• OWL "He!qo{ar~d <' ).:~ /:' The local hydrography showed marked changes between 5-19 October. Near the bottom, the salinity ranged from 16-22 %0, temperature from 11-14 ° C, and the oxygen content from 1.8 to ca. 10 mg/1. During days with strong surface winds, rapid mixing of the water masses close to the bottom was observed. Large surface waves resulted in a 10-20 cm rise and fall of the water-level at the entrances to the UWL. Water visibility ranged from 2-10 m during the study period, the mean usually being 5-7 m.
The lower limit of the algal vegetation lies close to 15 m depth in Liibeck Bay. SrGEX~STR~Lr (1957) has reported a lower limit of about 20 m depth for algal vegetation in the Baltic proper. Algal growth on the rocks in the sampling area was therefore very much concentrated on the tops of the rocks and boulders, where the light intensity was sufficient for photosynthesis.
MATERIAL AND METHODS
The sessile and motile organisms on the rocky bottom were sampled with the diver-operated suction sampler described by GULLIKSEN & DEI~,S (1975) . This suction sampler is equipped with a sieve of 0.5 mm mesh, which is the mesh size recommended by MclNTX-RZ (I964) and HOLME &; MclNTYV, ~s (197t) for sampling macrobenthos.
A quantitative sampling of the material from the rocky bottom was achieved by collecting the samples from within a frame which enclosed 1.78 dm "2 of the bottom. The exact positioning of the frames on the bottom was carried out in the following manner: I swam the last metre towards the rocks with my eyes closed, or simply looking sideways. On touching the rocks with my hand, I placed the frame down, without looking where, and held it firmly on the bottom. The method of "haphazard throwing" or similar methods, could not be used since both vertical and overhanging surfaces were also to be sampled. All bottom material which lay inside the frame was then collected with the suction sampler. A total of 33 samples were taken during the whole survey. The angle of inclination of the substrate, and any other special features, were noted for each sample. Back inside the UWL all animals present were removed from the debris, sorted into their major taxa and thereafter fixed in 80 0/0 alcohol. Specific identifications and counts took place in a laboratory on land.
The frames employed were made of angular aluminum with strips of foam rubber glued to the undersides to prevent any extraneous material from being sucked into the frame. The frame size is relatively small for sampling macrofauna, but this size was found to be the most suitable because of the restricted areas of level surfaces present on the rocks surrounding the UWL. If the rock surface is very uneven, the size of the actual surface sampled will not equal that enclosed by the frame, and extraneous material will also easily be sucked in underneath the edges of the frame if the surface of the bottom is too uneven.
Benthic algae were oRen found attached to the rocks, especially on the more horizontal surfaces. Animals belonging to the epifauna do also use benthic algae as a substrate. Therefore, when algae are included in the samples the actual surface area available for settlement and, in turn, the area sampled is increased. However, the importance of the increase in surface area involved will be evaluated separately, when discussing the distributions of the respective organisms.
Underwater photography was used to supplement the suction samples collected. The photographs were mostly taken with a Calypso/Nikkor II, equipped with a "Close-up"-attachment and 80 ram, 35 mm or 28 mm lenses. Information obtained by visual observation is also included.
The abundance of colonies of Porifera and Bryozoa were estimated by a "pointmethod". If only one colony, or fragment of a colony, occurred in a sample, the species was alloted 1 point (1 p); if 2-5 colonies or fragments occurred, the species received 2 points (2 p); and if the species was very abundant, it was allotted 3 points (3 p). The total number of points could then be used to give some idea of the relative numerical importance of each colonial species.
RESULTS

F a u n a l c o m p o s i t i o n
Nearly 18 000 specimens, comprising at least 43 species, were collected from the rocks in the 33 suction samples, representing a total bottom area of 58.74 dm 2. The ascidian Dendrodoa grossularia (VAN BEN~DeN) , together with the polychaete Polydora ciliata (JoHNSVON) constituted 95.6 % of the specimens collected (Table 1) .
Dendrodoa grossularia attained its highest densities on substrates with angle of inclination of 60-89 ° ( Table 2 ). The individuals were found attached to both boulders Species counts a n d species a b u n d a n c e r a n k i n g s . The a b u n d a n c e s of p o r i f e r a n s a n d b r y o z o a n s h a v e been e s t i m a t e d by the " p o i n t -m e t h o d " (see text)
m m , w h i c h i n d i c a t e s t h a t s e t t l e m e n t o f t h e
T o t a l no. of A v e r a g e °/0 of C u m u l . Species R a n k s a m p l e viduaIs were generally larger than those found on less steeply inclined substrates, averaging 7.0-8.0 mm in diameter. Many of the larger individuals were found to be semi-decayed, and were greyish-white i.n colour. Long-term photogrammetric observations in Borgenfjorden, Norway, (GuLLIKSEN in prep.) have shown that D. grossularia here attains its typical morphological characters before the onset of death from longevity. The morphology of the decaying D. grossularia near the UWL suggests that death was due to environmental causes, e. g. temporary oxygen deficiency. Table 2 Average numbers of individuals per m e of the most abundant species on substrates at different angles of inclination (0 ° = horizontal surface, 90 ° = vertical surface, 90°-180 ° = overhangig surfaces). Polydora ciliata, also, occurred at its lowest densities on overhanging substrates.
The densities on substrates inclined at 0-29 °, 30-59 ° and 60-89 ° were not significantly different. Potychaete specimens attached to algae have also been included here, and increase in habitat area provided by the algal surfaces may explain the lower densities found on the overhanging substrates, on which few algae were present. The recorded densities of P. ciliata may be somewhat underestimated compared to those of D. grossularia, because it is more difficult to count a species which has to be dissected out from their tubes than to count an epifaunal ascidian. A photographic survey, 31 pictures each covering an area of 41.9 cm 2, confirmed this view. The areas to be photographed were selected in a similar manner to the mode of positioning of the sampling frames. The holes of the tubes (Fig. 2) were counted on the photographs. These indicated an average density of P. ciliata of about 33 000 individuais/m 2. Many of the tubes were probably empty, but the most correct density estimate for this polychaete probably lies somewhere between 5000 and 33 000 individuals/m 2. According to aquanauts who had dived in the same area earlier on in 1974, dense carpets of P. ciliata were not present in July and the early part of August. A heavy settlement of P. ciliata had therefore probably taken place during August-September. Settlement during the late summer or autumn fits in well with the life cycle of P. ciliata in the Schwentinemiin-dung, as outlined by SCHOTZ (1964) . This euryhaline polychaete lives for about one year. The distribution patterns of the three most abundant species, D. grossularia, P. ciliata and Nereimyra punctata (MOLLER) were tested using FISHER'S "coefficient of dispersion". The coefficient of dispersion is the ratio between the variance and the mean and is given by the equation: ~v (x_7)2/7 (n-L). It is possible to use this equation when the average number of individuals per sample (~) exceeds 5 (ENGEN, pers. comm.). The coefficient of dispersion approaches unity when the individuals are randomly distributed, is less than unity when they are evenly distributed and more than unity when they are aggregated. It is now a widely-used parameter in marine biology (i. e. HOLME, 1950; DAVID & MOORE, 1954; CLARK & MILNE, 1955; ANGEL & ANGEL, 1967; STROMGREN et al., 1973) . The coefficients obtained were 858 for D. grossularia, 96 for P. ciliata and 9 for N. punctata. All these values indicate some degree of aggregated distribution.
Two of the remaining ten most abundant macrobenthic species, the echinoderm Asterias rubens L. and the cumacean Diastylis rathkei KR6YER, seem to have preferences regarding the angle of inclination of the substrate. Both A. rubens and D. rathkei showed lower densities on overhanging substrates. Both species are motile. A. rubens is a voracious predator, and its distribution is probably governed by the availability of prey. D. rathkei is not a true rocky bottom species, but it swarms occasionally in the water (see next chapter) and when it "accidentally" lands on the rocks it is not surprising that it is found more abundantly on the more horizontal surfaces.
One of the other conspicuous animals, the nudibranch Facelina drumrnondi (THoMVSON) was not present during July and August according to the reports of earlier aquanauts. Many of these nudibranchs were spawning during the two weeks I spent in the UWL and their eggstrings were common on the bottom.
Three species which were observed on rocky bottoms when diving were not sampled with the suction pump during the survey. They were the crustacean Balanus c r e n a t u s BRUGIkRE, and the two ascidians Ciona intestinalis (L.) and Styela coriacea (ALDER & HANCOCK), but all were sparsely distributed. S w a r m i n g b y b e n t h i c a n i m a l s Four of the five most abundant motile benthic animals which were sampled with the suction device were observed swarming throughout the water column. This phenomenon of swarming by benthic invertebrates was also studied by ANGER & VAtEN'rlN (in prep.), but some observations are included here because of their importance for an understanding of the composition of the benthic fauna on the ro&y bottom.
Two of the four species, Nereimyra punctata and Idotea balthica (PALLAS), were most abundant in the samples taken during the middle of the day, when the light intensity was highest (Fig. 3) . Neither of these two species seemed to show any special preference regarding to the angle of inclination of the substrate.
The cumacean D. rathkei was common in the samples collected on the first days of sampling, while during the last few days it was hardly observed at all up in the water over the bottom (Fig. 3) . According to ANGER (pets. comm.), swarming D. rathkei were much more abundant in 1974 during his first study period, 3-17 August, than during his second period, 12-19 October. Swarming behaviour is characteristic of many cumacean species. It has been suggested that swarming may be an adaptation D. rathkei is a species which usually lives buried in sand and mud. It occurred in the present samples from hard bottom substrates because the species also chances to land on rocks after swarming. The swarming occurrence of D. rathkei did not seem to show any direct relationship with light conditions, and its sudden disappearance from the samples taken during the last few days of the study period may correspond with a sudden fall in water temperature, from 14 ° C to 11 ° C. ¢
The occurrence of the fourth swarming species found in the samples, F. drummondi, did not seem to be related at all to the times of the day at which the samples were taken (Fig. 4) .
DISCUSSION
The macrobenthic fauna of the rocks is relatively poor in number of species. This is not exceptional for those areas of the Baltic Sea which have relatively brackish water. The salinity ranged from 16-22 O/oo during the survey period, but it can probably oRen be lower. In general, the Baltic Sea also possesses a relatively species-poor fauna on hard bottom substrates (cf. THEZD~, 1974) .
All the animals found in the samples from the rocky bottom probably do not occur only on rock surfaces or on attached algae. The main habitat of some of the recorded animals may be in or on the sand deposits present between boulders. 15 of the species were also only recorded on rocks only once or twice. Some of these specimens may well have been stray specimens from nearby sandy or muddy habitats. The main impression gained was that the angle of inclination is of no great importance with regard to the species composition of the benthic fauna of rocky bottoms in Ltibeck Bay. Differences in the numbers of animals do occur, especially the numbers of P.
ciliata, but these differences may partly be due to to the increased surface areas provided by the algal vegetation. This lack of difference can probably be explained by the small size of the individual rocks, which implies the presence of a relatively homogenous environment around the boulders. None of the rocks projected more than one metre above the bottom and the most profound differences in numbers found were those related to differences in the distribution of algal vegetation on the rocks.
In the ranking of the animals, the numerical dominance of the species was determined. Functional dominance or importance is in no way implied. This numerical ranking may well change a great deal during the course of the year, as well as from one year to the next. The macrobenthic fauna of the rocks probably does show large annual fluctuations. P. ciliata, for instance, was not present earlier on in the summer, and a heavy settlement of D. grossularia took place during the late summer or autumn.
When considering the composition of the fauna found on rocky bottoms, the degree of activity of the motile organisms is of great importance, especially if their natural habitat is the sand or mud adjacent to the rocks. The time of the day at which the samples are taken is therefore of great importance if we are to gain a correct impression of the species composition. Sampling times should therefore be equally spread between day and night. SUMMARY 1. A diver-operated suction sampler was used to collect the macrobenthic fauna on a rocky bottom in Ltibeck Bay (Western Baltic Sea) from the Underwater Laboratory (UWL) "Helgoland" in October 1974. A comparison of the faunal composition with the angle of inclination of the substrates was the prime goal of the investigation.
2. The ascidian Dendrodoa grossularia and the polychaete Polydora ciliata constituted 95.6 0/0 of the total number of specimens sampled. The lowest densities of both species occurred on overhanging substrates. Both species appared to have a heavy settlement during the late summer or autumn.
3. In general, the angle of inclination of the substrate bore little relation to the qualitative composition of the fauna on a rocky bottom in Niendorf Bay, but some of the species (Dendrodoa grossularia, Polydora ciliata, Astrias rubens, Diastylis rathkei) were more sparsely distributed on overhanging substrates.
4. The calculated values for FISHER'S "coefficient of dispersion" indicates that all the three most abundant species (Dendrodoa grossularia, Polydora ciliata, Nereimyra punctata) show some degree of aggregated distribution. 5. Four motile invertebrates, Nereimyra punctata, Idotea balthica, Diastylis rathkei and Facelina drummondi were observed swarming in the water. N. punctata and I. balthica were most abundant in samples taken during the daytime, D. rathkei was most abundant in samples obtained during the early part of the survey when water temperatures were higher, while no relation could be found between the occurrence of F. drummondi and the time of day of sampling. For the ultimate picture of the composition of the fauna on rocky bottom substrates, the time of day at which the samples are taken is of importance, due to the varying degree of activity of the motile benthic invertebrates.
